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This paper presents new global evidence on the key determinants of public-private partnership investment in electricity generated by fossil fuels and renewable energy based on a panel data analysis for 105 developing countries over a period of 16 years from 1993 to 2008. It aims to identify the key factors affecting private investors' decision to enter electricity generation, through probit analysis, and the amount of investment sunk in this market segment, based on Heckman's sample selection analysis. The paper shows some evidence of switching from investment in fossil fuels to investment in hydro and renewables and within fossil fuels from oil to natural gas. An interesting result of the econometric analysis is that the likelihood of switching toward renewable investment is driven by long-run environmental factors, such as the increases in the price of oil and the This paper is a product of the Energy Unit, Sustainable Energy Department. It is part of a larger effort by the World Bank to provide open access to its research and make a contribution to development policy discussions around the world. Policy Research Working Papers are also posted on the Web at http://econ.worldbank.org. The author may be contacted at mvagliasindi@worldbank.org.
introduction of the Kyoto protocol. Another interesting result is that sector governance support schemes, provided by feed-in tariffs, affect only the entry in renewable based electricity generation and have no impact in reducing the amount of investment in fossil fuel based generation. Economy-wide governance factors, including control for corruption and degree of political competition, are factored in by private investors only in the initial stage of the game when the decision to enter into the generation market is taken and not the amount of investment. This confirms that the first generations of independent power producers have been developed on the basis of long-term power purchase agreements guaranteeing a fixed rate of return, through take-or-pay clauses and/or government guarantees.
Introduction
In 2008, according to UNEP (2010) for the first time, renewable energy including large hydro attracted globally more power sector investment than fossil fuel based technologies (UNEP, 2010) . According to the IEA, the New Policies scenario, renewable sources of energy are expected to triple by 2035 (IEA, 2010) . This growth followed from an alignment of global factors: rapid growth in energy demand from emerging economies such as China and India; increased competition for energy resources; geopolitical tension and energy security concerns; rising oil and gas prices; as well as the entry into force of the Kyoto Protocol in early 2005, and the rise of climate change up the political agenda more generally. Have the same trends occurred in developing countries?
Political concerns about fossil fuel energy security re-emerged in many countries. The Ukrainian gas supply crisis of 2006 and 2009 resulted in reduced supplies of Russian gas into the European Union due to a dispute between Ukraine and Russia, which saw the reduction of supplies to the gas transit country Ukraine leading to reduced onward flows of Russian gas to the EU gas market (Noel, 2009 ). This reduced the willingness of politicians to allow increases in the dependence of the power sector. In the UK for instance the energy regulator, conducted a significant review project into UK energy security (Project Discovery), which examined the need to encourage more LNG terminals, gas storage facilities and alternative sources of power and heat (see Ofgem, 2010) .
More generally concerns about "peak oil" heightened -the idea that the global output of oil and gas cannot continue to increase in line with growing demand (driven by Chinese and Indian industrialization) without substantial price rises (the factual basis for which is well discussed in Mills, 2008) . 1 Peak oil is the point in time when the maximum rate of global petroleum extraction is reached and is applicable to the sum of a nation"s domestic production rate, and is similarly applied to the global rate of petroleum production. This peak, also known as Hubbert"s peak, was correctly predicted by Hubbert (1956) .
A vast literature addresses whether global oil production has peaked or will soon peak; what consequences that could have for fossil fuel dependent societies; and what should be done about it. Most of the earlier literature was not based on economic insights. In his review of the peak oil literature, Porter (2006) states that "the standard Hotelling model offers little insight into the oil market." Notable exceptions are Pindyck (1978) , who argued that there is an inverse relationship between marginal extraction costs and reserves, and Slade (1982) , who assumes that costs decrease exogenously over time due to technological change. 2 In the economic models reviewed by Holland (2008) , increasing demand, improvements in technology, additional reserves, and new site development tend to increase production while scarcity tends to decrease production.
The weaker and slower the responsiveness of policy makers to the challenges posed by climate change, the greater the risk of oil scarcity and the increase in crude oil prices. IEA (2010) projects 1 Peak oil" refers to the peak in U.S. crude oil production in 1970. Hubbert predicted in 1974 that peak oil would occur in 1995. However, in the late 1970s and early 1980s, global oil consumption actually dropped (due to the shift to electricity and natural gas for heating, and other factors), then rebounded to a lower level of growth in the mid 1980s. 2 However, the empirical evidence of a negative relationship between costs and reserves is not conclusive. Livernois & Uhler (1987) present empirical evidence arguing that aggregate reserves and cost are not negatively correlated and in fact are positively correlated.
Has the introduction of the Kyoto protocol in combination with higher fossil fuel prices enhanced private investment in renewables? Has the degree of switching of private investment from fossil fuel to renewable based generation be enhanced by price oil shocks or by the introduction of support schemes provided to renewables? Have other governance factors played a role in enhancing private investment in renewable based generation and driving private investment in fossil fuel based generation down?
Within fossil fuels, has there been switching from private investment in oil and coal to natural gas? According to the IEA, fossil fuels will remain the dominant energy sources in 2035 under all policy scenarios. Within fossil fuels, natural gas is the only one that is expected to grow under all scenarios.
To what extent have private investors shared the risks with the public sector? The first generation of independent power producers (IPPs) for fossil fuel based generation were developed on the basis of long term power purchase agreements (PPAs) and guaranteeing a fixed rate of return, through take-or-pay clauses and/or government guarantees. Is this continuing to be the case? Have the current power sector reforms and unbundling effort separating transmission from generation increased the creditworthiness of power purchasers, leading to the reduction of demands from the private investors for very favorable and long-term PPAs?
The rest of the paper is organized as follows. Section 2 will highlight the trends in oil price. Section 3 will draw the key objectives of the papers and the data that is used to carry out the analysis. Section 4 introduces the theoretical hypotheses that will guide the empirical analysis, whose results are reported in section 5. Section 6 concludes and presents new directions for future research. 5 increase in supply, the short run price elasticity of oil demand is small, and a very large price increase was necessary to contain demand (Hamilton, 2009) . Other factors, including the return to negative ex post real interest rates in August 2007 and large flows of investment into commodity future markets contributed to introduce a speculative bubble in the price of oil (Kilian and Murphy, 2010) .
The uprisings throughout the Middle East are in part responsible for the recent surge in oil prices in 2011. For example, the fighting in Libya has reduced global oil production by about one million barrels per day. On the other hand, members of the Organization of Petroleum Exporting Countries (OPEC) are boosting their output by a similar amount to make up for the shortfall. A new surge in March 2011 brought the world oil crude price close to $120 a barrel (see Fig. 2 ), though it is still below the July 2008 peak. These prices are comparable in real terms to those that caused the 1973 and 1979 energy crises. On the one hand, if the price of oil rises high enough, the use of alternative clean fuels could help control carbon emissions from fossil fuel use. High prices of oil are expected to encourage alternative energy development and energy efficiency. Getting prices more aligned to cost (including negative externalities) is critical as it influences the behavior of both firms and individuals. However, other public-policy interventions are needed as behavioral changes will often require complementary policy initiatives. For instance, the responsiveness of investors in renewable based energy to incentives provided support schemes including feed-in tariffs will also depend on whether transmission lines are built. Inertia in behavior and market failures are such that many energy efficiency measures that might pay for themselves are not taken. Recycling fossil fuel subsidies creates additional fiscal space to permit reduced taxation or subsidization of green public "goods" such as renewable energy (IEA et al., 2010 and Vagliasindi, 2012b) On the other hand, substantial increases in the price of oil are expected to have negative implications for the world economy.. Throughout the first two quarters of 2008, there were signs that the late 200 recession was made worse by a series of record oil prices. Hamilton noted that nine of the last ten recessions in the United States were preceded by a substantial increase in the price of oil. Engemann et al. (2011) find that, for most countries, oil shocks do affect the likelihood of entering a recession, estimating the turning points together with oil"s effect in a Markov-switching model with time-varying transition probabilities. 3 Although the causes were different, the consequences for the US economy of the 2008 recession appear to have been very similar to those observed in earlier episodes, with significant effects on overall consumption spending and purchases of domestic cars in particular. In the absence of those declines, it is unlikely that the period of the 4 th quarter of 2007 to the 3 rd quarter of 2008 would have been characterized as one of economic recession for the US.
Data
This paper presents new global evidence on the key determinants of public-private partnership (PPP) investment in electricity generated by fossil fuels (including oil, coal, and natural gas) and renewable energy (including hydro, wind, waste and geothermal) based on a panel data analysis for 105 developing countries including 16 years from 1993 to 2008.
Our study aims to identify the key factors affecting the private investor"s decision to enter electricity generation and the amount of investment sunk in this market segment.
The analysis of the key determinants of the private investor"s decision to enter is done using the probit model, where the dependent variable is a dummy equal to 1 if PPPs were introduced in electricity generation and 0 if not.
The treatment of the modeling of the key factors affecting the private investor"s amount of investment sunk in the renewable energy market is based on Heckman"s approach to sample selection. This distinguishes between (1) the decision on whether to enter the generation segment of the electricity market (selection equation), and (2) the decision on how much investment to commit to (investment equation). 4 Unlike the Tobit model, the factors that affect the two decisions need not be identical and, where identical, could even be different in the sign of their effect on the decisions. The selection equation relates the choice of whether to attract PPPs (via a zero/one dummy variable) as a function of the governance variables and the price of oil is estimated over the complete set of countries using a probit model. The second-stage equation, relating PPP investment to the full set of short run and long run variables described in Table 1 , is estimated over the sub-set of countries.
Because the group has been selected by the first-stage equation, the possibility of selection bias would be introduced if a standard regression were used at the second stage. This bias is related to the magnitude of the correlation between the errors (that include the omitted variables) in the selection and investment equations. Where there is no correlation between these errors, there is no selection bias. The direction of the bias depends on the sign of the inter-equation error correlation.
The condition for identification of the Heckman estimation procedure is that the selection equation contains a significant variable(s) not included in the investment equation. The significance of the Mills" ratio in the second stage indicates whether there would have been selection bias in its absence. If the Mills" ratio is insignificant, a simple regression of the quantity of investment on explanatory variables would be unbiased. The canonical Heckman model also assumes that the errors are jointly normal. If that assumption fails, the estimator is generally inconsistent and can provide misleading inference in small samples.
Data used in this paper is composed of both micro and macro level data. The micro, project-level data are from the Private Participation in Infrastructure (PPI) 5 database. The PPI database is managed by the World Bank and the Private-Public Infrastructure Advisory Facility (PPIAF). The data are collected at the project level. The following information of each project recorded in the database is used in this paper: 1) country and region 6 2) year of financial closure and total life period of the project, 3) total investment (in both monetary value and physical capacity, 4) sector, subsector, segment, and technology (source of energy) of each project. 7
The macro data are collected from other central databases, including i) the World Development Indicators (WDI) 2009 for macroeconomic variable and the World Governance Indicators and Polity IV to select few indicators of governance ii) the Energy Balances and Statistics 2009 of the International Energy Agency (IEA) to derive indicators of energy import dependence, price of oil and per capita CO2 emissions and the electricity databases of the Energy Information Agency (EIA) of Department of Energy (DoE) of the US government (Annex 1) to countries" total installed capacity and their composition, total electricity generation, consumption, net import, and distribution losses. Finally, we also use REN21 to compile the list of countries adopting feed-in tariffs.
Figure 3 illustrates PPP investments were selective in developing countries with EAP and LAC
leading with investments respectively 34% and above 25%. SAR and ECA are both below 20%. Very little investments have been recorded in the MNA and SSA regions.
Fig. 3 PPP investment in electricity generation, by region
Source: World Bank/PPIAF PPI Database As Figure 4 illustrates, fossil fuels account for the lion"s share of the PPP investment in electricity generation. Coal and natural gas alone accounts for more than half of the total investment. Fuel oil accounts for another 15% bringing the total investment in fossil fuels to three thirds of the total. 5 http://www.ppiaf.org/ppiaf/page/private-participation-infrastructure-database 6 The six regions are East Asia Pacific (EAP), East Europe and Central Asia (ECA), Latin America (LAC), Middle East and North Africa (MNA), South Asia Region (SAR), and Sub-Sahara Africa (SSA). 7 The primary sector is energy, and the subsectors are electricity, natural gas, and other (road, telecom, or treatment plant). For the electricity subsector, the segment information tells whether it is a project for power generation, transmission, or distribution, or a combination of these. For power generation project, the technology (fuel) indicates what fuel (coal, oil, or natural gas) or technology (hydro, wind, nuclear etc.) is used for the generation.
Excluding hydropower, which accounts for more than 20%, total investment in renewables represented a mere 4% of the total PPP investment.
Fig. 4 PPP Investment in generation, by energy source

Source: World Bank/PPIAF PPI Database
The trends over time in PPP investment among developing countries has been affected by the financial crises. Past financial crises, notably the East Asian and Russian crisis in 1997-1998 as well as the most recent Latin American crisis in 2001, have negatively affected PPP investments. Investment in renewable based energy has been relatively more resilient to such short run shocks.
More importantly, the data show some evidence of switching of PPP investment from fossil fuels (and within fossil fuels towards from oil and coal to natural gas) to hydro and renewables (Fig. 5) . Such a switching from fossil fuel to renewable based private investment affected negatively oil, which represented more than half of the total investment (amounting to about US$ 6 billion) at its peak in 1994 to drop to below 3% during the last few years covered in this study. The share of private investment in coal has declined sharply from above 70% to 10% in 2001, but since then it has increased, reaching above 40% of the total private investment in 2008. Natural gas is the only fossil fuel that has substantially increased its share of private investment from about 10% in the early 1990s to above half of the investment in 2002, to then decrease to below 40% of the total private investment in generation in 2008, its peak (with investment reaching above US$ 12,000).
Examining the trends of private investment in renewables, those in hydro increased from a very low starting point to 40% in 2003 and 30% in 2007 (their peak in US$ terms) and finally to 15% in 2008. Other renewable sources (mainly wind) reached 7% in 2005 (the year of adoption of the Kyoto Protocol) to decline to 5% in 2008 (when they however reached their peak in monetary terms). 2008 represented the peak of investment for wind among the renewable-based generation (with investment reaching US$ 2,000).
Fig. 5 PPP Investment in generation, by energy source, over time
Source: World Bank/PPIAF PPI Database Each region has attracted investment based on their energy endowment and untapped potential. East Asia followed closely by South Asia has attracted more than 40% of the global PPP investment in oil and coal. Latin America is by far the region which has attracted the highest share of investment in renewables, accounting for about half of the total investment, as well as in natural gas with a share of total investment in this fuel equal to 35%. ECA follows closely LAC lead in natural gas (accounting for about 30% the total investment to about 30%). These trends over time by each energy source and by regions are shown in Fig. 6 .
Coal Investment in coal based generation reached its first peak of US$ 10,000 billion in 1997 to decline sharply after the East Asian crisis, to then reach the global peak of US$ 20,000 billion in 2007. EAP accounts for the largest share of cumulated private investment in coal, equal to about half of the total investment in this fuel, reaching its peak of investment in 1995 and 2003 accounting for almost 90% of annual total investment in coal. SAR and ECA each accounts for almost one quarter of the total cumulated investment, with their respective peaks reached in 2000 and 2006 respectively. The other three regions each account for a very small percentage of total investment in coal.
Oil. As noted earlier, PPP investment in oil based generation declined sharply from the peak of US$ 6,000 million in 1995 to US$ 100 in 2004. Investment has increased again in the past few years, reaching almost US$ 900 in 2008 triggered by the emergency rental of diesel mobile plants to face power outages (see Box 1). EAP accounts for the largest share of total cumulated PPP investment in oil, a share that has declined sharply from 80% in 1993 to 5% in 2005 to become zero since 2006. LAC share of total cumulated investment in oil based generation also declined sharply from almost 100% in 1992 to 40% in 2006 to then stop. SAR on the other hand increased its share from an insignificant percentage in the early 1990s to more than 70% in 1998 to then decrease, and to increase again to 50% in 2008. SSA is the region for which oil based generation has increased the most, being the region most affected by severe power outages requiring emergency intervention (see Box 1).
Fig. 6 Investment in renewable by energy source and region, 1990-2008 a) Coal b) Oil c) Natural Gas d) Renewables
Source: World Bank/PPIAF PPI Database Natural Gas. Investment in natural gas based generation reached its first peak of a level above US$ 5,000 billion in 1997 to decline sharply after the East Asian crisis and stabilize at levels above US$ 4,000 to then reach the global peak of US$ 12,000 billion in 2008. The boom of investment in natural gas based generation in 2008 was driven by investment in ECA, which accounted for almost 90% of the total annual investment in natural gas. LAC accounts for the largest share of total cumulated private investment in natural gas, a share that has declined sharply from 80% in 1993 to 40% in 2006 to become 5% in 2008. EAP is the second region in terms of share of cumulated investment that mostly took place up to 2001 and then declined sharply. Investment in SAR that accounts for about 15% of the cumulated investment in natural gas, sharply increased to become 45% of the annual investment in 2004. Similar increasing trends in investment were recorded in MENA that account for about 10% of the cumulated investment in natural gas, seeing a sharp increase to reach 40% of the annual investment in 2006.
Box 1 Emergency solutions to power sector crises
In around 30 countries in Sub-Saharan Africa, and in South Asia (Bangladesh and Pakistan), but also in some countries in Middle East and Latin Amercia, the chronic problems of the electricity sector have escalated in recent years into crises, taking a heavy toll on economic growth and productivity. Under investment in a context of rapid demand growth has been a major cause of the power crisis. In some countries, supply shocks have exacerbated the situation. Supply shock include droughts in East Africa; oil price inflation which made it difficult for many West African countries to afford diesel import; gas shortage due to growing domestic demand and declining domestic production have reduced gas for power generation and led to greater dependency on imported oil in Bangladesh and Pakistan; and conflicts that destroyed the power infrastructure in some fragile African states. In some countries, subsidies to the electricity sector have become a heavy burden for public finances. Electricity and petroleum subsidies represented 3% of GDP in Pakistan in 2008.
A common response to the immediate crisis is to tender short-term leases for energy power, ranging from six months to three years. Unlike conventional electricity generation projects, rental projects can be put in place in a few weeks or months, providing a rapid response to pressuring shortages. However, these plants can become an important burden for fiscal finances. Due to the preponderance of small diesel units, the cost has typically been US$0.20-US$0.30 per kilowatt-hour, exceeding by many times the cost of electricity from longer term sources. Developing countries, primarily those with power crisis, implemented almost 2,000 MW of rental power plant capacity in 2005-09 (see Fig. below ).
More rental capacity is expected to be commissioned in the coming year or so to reduce electricity shortages, primarily in Bangladesh and Pakistan. For some countries, the price tag of emergency power generation can be high. Some studies estimate to be 4% of GDP in Sierra Leone and almost 3.3% of GDP in Uganda (see Table below ). Renewables. Investment in renewable based generation reached its first local peak of a level just below US$ 8,000 billion in 1997 to decline sharply after the East Asian crisis, to then reach the global peak of a level above US$ 12,000 billion in 2007. The boom of investment in renewable based generation in 2007 was driven by investment in LAC, which accounted for above 40% of the total annual investment in renewables. LAC accounts also for the largest share of total cumulated private investment in renewables, a share that has halved from 90% in 1990 to 40% in 2007. EAP is the second region in terms of share of cumulated a share that has increased sharply from 15% in 1993 to two thirds in 2007. Investment in SAR a region that accounts for about 15% of the cumulated investment in renewables, sharply increased from 5% in 1992 to become 40% of the annual investment in 2008. 
Overview of Emergency Power Generation in SSA
Variables
Definition Exp. Sign
SECTORAL GOVERNANCE VARIABLES
Introduction of feed-in tariffs FIT
= 1 since the year of establishment of a feed-in tariff system = 0 otherwise ? d_region1, 2, 3,4,5,6 Dummies , 1=EAP, 2=ECA, 3=LAC, 4=MNA, 5=SAR, 6=SSA
ECONOMY WIDE GOVERNANCE VARIABLES
Control of Corruption
REGIONAL CONTROL
Region
We divide the determinants of PPPs into three channels, reported in Table 1 . These include long run environmental sustainability factors (including the price of oil, the entry in force of the Kyoto protocol and behavior by high emitter countries), (sectoral and economy-wide) governance variables and short and long run drivers, represented respectively by financial crises and economic fundamentals. We also control for sectoral and regional variables.
Theoretical hypotheses
The hypotheses that we are going to test are reported below. Each of the hypothesis is divided in two parts (part A and B), taking into account respectively the key factors affecting the private investor"s decision to enter the renewable energy market and the amount of investment sunk in renewable energy, because of the different modeling that will be used (as described in Section 2).
Long run Environmental Sustainability Drivers
Hypothesis 1A The likelihood of developing countries to attract private sector investment if the price of oil is increasing depends on the degree of switching between investment in fossil fuel and renewable based electricity generation.
Hypothesis 1B
The likelihood of developing countries to retain private sector investment if the price of oil is increasing depends on the degree of switching between investment in fossil fuel and renewable based electricity generation.
Hypothesis 2A Developing countries are more likely to attract more investment in renewable based generation in the years following the entry into force of the Kyoto Protocol due to the rise of climate change up in the political agenda.
Hypothesis 2B
Developing countries are more likely to retain more investment in renewable based generation in the years following the entry into force of the Kyoto Protocol due to the rise of climate change up in the political agenda.
The impact between the increase in the price of oil and the likelihood and the amount of investment in electricity generation is uncertain, depending on the degree of switching between investment in fossil fuel and renewable based electricity generation. Depending on which of the countervailing effects (increase in investment in renewable based generation and decline in investment in fossil fuel based generation) dominates it can be either positive or negative.
To get an initial indication of whether the data confirm these hypotheses we can calculate the two means between different groups (e.g. the proportion of investment or the volume of investment for the observations where the price of oil have been increased above average and those below average) and compare them to see if one is greater than the other, and by how much. The significance of differences between two sample means can be assessed using the t-statistic calculated as part of the t-test. The t-statistic may be thought of as a scaled difference between the two means, where the absolute difference between means is rescaled using and estimate of the variability of the means. Such tests will be performed for each of the following hypotheses. Fig. 7 shows that developing countries have been 40% more likely to attract PPPs in generation in periods characterized by above average price of oil. They also attracted 5% more investment in generation when the price of oil increased above the average.
Developing countries have been 80% more likely to attract PPPs in generation after the entry into force of the Kyoto Protocol. They also attracted 16% more investment in generation (a small percentage compared to the doubling of investment in renewable-based generation).
Fig. 7 Links between Investment in Generation and long run Environmental Factors a) Likelihood of attracting PPPs in generation b) Investment in PPP generation (US$ million)
Source: World Bank/PPIAF PPI Database Note: *, **, *** indicate significance of the t test of the difference between the average respectively at 10%, 5% and 1% confidence level.
Sectoral and Economy-Wide Governance
Hypothesis 3A The likelihood to attract private investors to provide electricity generation is higher in countries where support mechanisms, including feed-in tariff, have been put in place.
Hypothesis 3B
The link between the incentives for renewable based generation and the level of generation investment is uncertain and depends on several factors, including the relative magnitude of investment as well as the degree of switching between investment in fossil fuels and renewablebased generation.
Private investors are more likely to choose to invest in renewable energy if the country offers sufficient incentives from the regulatory side. This is because most renewable sources of energy cost more than conventional ones and it also typically entail higher upfront capital costs, hence higher investment (compared to fossil fuels). After recouping upfront capital cost, private investor can enjoy lower operational costs. Private investment in fossil fuel based generation can be reduced if support schemes for renewables are high enough. Fig. 8 illustrates the underlying trends in the data. Countries that have introduced feed-in tariff are almost twice times more likely to attract private investment in generation and about 4 times more investment than countries where such support mechanisms have not been introduced. Looking only at renewable based generation the likelihood to attract investment as well as the amount of investment is twice as high.
Fig. 8 Links between Investment in Generation and Governance a) Likelihood of attracting PPPs in generation b) Investment in PPP generation (US$ million)
Hypothesis 4A
The livelihood to attract private investors to provide electricity generation is higher in countries characterized by higher standards of economy-wide governance and a more democratic political system.
Hypothesis 4B
The private sector investment in electricity generation is higher in countries characterized by higher standards of economy-wide governance and a more democratic political system.
Countries with above average economy wide indicators in terms of control of corruption and political competition are twice as likely to attract private investment and to get about twice the volume of investments. Similar results hold for the fossil fuel and renewable based generation.
Short run crises and economic fundamentals
Hypothesis 5A Countries facing severe financial crises are more likely not to attract new PPPs in the few years following the crises.
Hypothesis 5B
Countries facing severe financial crises are more likely to receive less PPP investment from existing PPPs in the few years following the crises.
The likelihood to attract investment declined by less than 2% after the East Asian and Latin American financial crises, a not significant decline. Investment dropped by 40 percent after the East Asian and Latin American financial crises. Not surprisingly the impact of the both financial crises was significant in terms of reduction of investment. Among the different fuels, renewable-based generation was the most resilient to the financial crises.
Fig. 9 Links between Investment in Electricity Generation and Financial Crises a) Likelihood of attracting PPPs in generation b) Investment in PPP generation (US$ million)
Source: World Bank/PPIAF PPI Database Note: *, **, *** indicate significance of the t test of the difference between the average respectively at 10%, 5% and 1% confidence level. Hypothesis 6A Countries characterized by higher income and size of the market are more likely to attract PPPs in electricity generation.
Hypothesis 6B
Countries characterized by higher income and size of the market are more likely to attract a higher volume of PPP investment in electricity generation.
Countries with above average GDP are three times more likely to attract investment in electricity generation and about 20 times more investment than countries whose population is increasing below the average. Countries with above average population growth are three times more likely to attract private investment and fourteen times more investment than countries whose population is increasing below the average (Fig 10) .
Fig. 10 Links between PPP in Generation and GDP per capita a) Likelihood of attracting PPPs in generation b) Investment in PPP generation (US$ million)
The result of the regressions will allow us to test the robustness of these preliminary findings, controlling for other factors.
Regression results
In this section the hypotheses that we put forward in the previous section are tested. Table 2 reports the parameter estimates using in the probit model as a dependent variable a dummy variable equal to 1 if PPP occurred for electricity generation and 0 if not. 0.183** (0.074) REGIONAL CONTROL
Table 2 Key Determinants of the Introduction of PPP in Electricity Generation
Regional dummies
Yes
Yes Yes Regression (1) reported in Table 2 represents the basic probit model introducing as explanatory variables the key sectoral and economy wide governance variables to test Hypotheses 3A and 4A. Regressions 2-3 then extend the analysis to analyze the role of long run environmental variables (to test Hypotheses 1A and 2A), controlling for short run financial crises (Hypotheses 5A), macroeconomic fundamental variables (Hypothesis 6A) and regional control.
In what follows the key results are highlighted, focusing on the specific hypotheses tested in each of the regressions.
Regression 1 provides support to Hypothesis 3A with the introduction of feed-in tariff positively and highly significantly associated to the introduction of PPPs in electricity generation. Hypothesis 4A is also confirmed with higher standard of economy wide governance making more likely to attract PPPs in electricity generation.
Regression 2 confirms Hypothesis 6A related to economic fundamentals. Countries characterized by higher income significantly increase the probability of attracting PPPs, but no significantly so. The size of the market instead has both a positive and highly significant relationship with the introduction of PPPs. Short run crises are consistently not significant (so that the results have not been included. Regression 3 confirms the robustness of the previous results controlling for regional dummies.
Regression 3 shows that higher international prices of oil determine a lower overall likelihood to attract PPPs. This seems to imply that among the two countervailing effects, the reduction of PPP in fossil fuel based generation dominates the increase of PPPs in renewable-based generation. Regression 3 shows that controlling for the interaction between the price of oil and the Kyoto protocol, climate change consideration affects the choice of introducing PPPs in generation, resolving the uncertainty of the predictions by Hypothesis 1A. The positive sign of the interacted terms however implies that after the introduction of the Kyoto protocol countries became more likely to introduce PPPs in renewable based generation, also driven by the higher price of oil. Regression 3 introduces as additional variable the level of committed private investment in transmission. Countries with higher investment in transmission are positively and significantly associated to the introduction of investment in generation. This confirms the importance of including considerations related to access to the grid and development of the network, particularly as renewables have been introduced in the power system. Because of the potential concerns with endogeneity due to the fact that private investment in both segment of the power sector can be driven by similar factors, we also used instrumental variables, including the lagged variable of the transmission variables. The results are robust to the introduction of instrumental variables.
We can now move to determine which of the previous factors affect the private investor"s decision to enter the market of generation and the amount of investment sunk in the sector. The treatment of the modeling is based on Heckman"s approach to sample selection. This distinguishes between (1) the decision on whether to enter the market (selection equation), and (2) the decision on how much investment to commit to (investment equation). 8
Table 3 Key Determinants of PPP Investment in Electricity Generation
Two step (1) Two step ( Between R 2 40.59
Overall R 2 31.03
Note: *, **, *** indicate significance of the coefficient respectively at 10%, 5% and 1% confidence level.
Regressions (1) and (2) in Table 3 report the results of the two step Heckman model, introducing in the first stage as a dependent variable (reported in red) the likelihood to attract private investment in generation and as explanatory variables the key sectoral and economy wide governance variables. The second step of the model uses the logarithm of amount of private investment in generation as the dependent variable, conditional on the decision to enter the generation market, and as explanatory variables the broader model. The final regression report the GLS model using as a components: a zero or one variable indicating the lack of entry or entry of PPPs, and a variable measuring investment for the subset of countries that attracted PPPs. dependent variable the logarithm of amount of private investment in generation, which restrict the number of observations only to countries with a non-negative level of private investment.
Some interesting results are worth highlighting. We will first focus on the different factors that affect the entry and the level of investment in electricity generation.
First, increases in the price of oil affect negatively only the entry of PPPs in generation but not the level of investment in generation. Higher price of oil, which is also highly correlated to higher price of natural gas and coal, determines a lower likelihood to attract PPPs, by reducing investment in fossil fuel based generation which represents the bulk of investment in generation. The positive sign of the interacted terms however seems to imply that after the introduction of the Kyoto protocol countries became more likely to introduce investment in renewable based generation, and add additional investment in generation, also driven by the higher price of oil. There is no evidence on the impact of increases in the price of oil on the level of investment in generation (and the variable is not reported). In other words, the reduction in the level of investment in fossil fuel based generation is not significant.
The economy wide governance factors affect only the first step of the Heckman model, confirming the results of the probit model analyzed before. In other words, better control of corruption and higher degree of political competition are crucial in attracting the entry of private investors, but they do not affect the extent of investment in generation. This suggests that the first generations of IPPs have been developed on the basis of long term PPAs guaranteeing a fixed rate of return, through take-or-pay clauses and/or government guarantees. This has been the results of challenges in reforms and the adoption of sub-optimal sequencing of reforms. For example, postponing tariff adjustments and delaying unbundling effort separation of transmission from generation reduced the creditworthiness of power purchasers, leading to demands from the private investors for very favorable and long-term PPAs. In this case, other governance indicators may play a less relevant role in determining the extent of investment.
Sectoral support schemes, provided by feed-in tariffs, affect only the entry and not the level of investment in electricity generation. The result is easy to be explained, as PPP investment in renewable based generation are crucially dependent on the existence of support mechanisms, but still account for a relatively small share of investment in overall electricity generation.
Other differences in results are more a question of nuances. In terms of economic fundamentals, whereas the level of entry was mainly affected by the market size (in terms of population) both income and population size affect the level of investment, highlighting the importance of consideration related to affordability and sustainability of the support for generation, particularly for renewable-based generation.
We can now move to determine which of the previous factors affect the private investor"s decision to the amount of investment in the separate fossil fuel and renewable sub-segments of the generation market. Regressions (1) in Table 4 (and 5) report the results of the two step Heckman model (reported in red), introducing in the first stage as a dependent variable the likelihood to attract private investment in renewable (fossil fuel) based generation and as explanatory variables the key sectoral and economy wide governance variables. The second step of the model uses the logarithm of amount of private investment in renewables (fossil fuel) as the dependent variable, conditional on the decision to enter the generation market, and as explanatory variables the broader model including the short run and long run variables described above. The final two regressions report the GLS model using as a dependent variable the logarithm of amount of private investment in renewable based generation, which restrict the number of observations only to countries with a non-negative level of private investment. First and most importantly, increases in the price of oil (which is highly correlated to the price of other fossil fuels) make the likelihood of investment in renewables higher and those in fossil fuels lower. As seen before the likelihood of a reduction of investment in fossil fuel based generation is larger than the increase of investment in renewable based generation, so that the overall impact of the increase in the price of oil on the likelihood of electricity generation is negative.
Second, the sectoral support scheme, provided by feed-in tariffs, affect only the entry in renewable based generation, and their link is much less significant when it comes to enhance the amount of investment in renewable based generation and becomes insignificant in driving the amount of investment in fossil fuels down. The result implies that investment in renewable-based generation are crucially dependent on the existence of support mechanisms, though their incentive power has not be so strong as to affect the volume of investment, nor to reduce the investment in fossil fuels.
Conclusions
This paper shows some evidence of switching from investment in fossil fuels to investment in hydro and renewables and within fossil fuels from oil to natural gas. Such a switching from fossil fuel to renewable based private investment negatively affected oil, which represented more than half of the total investment (amounting to about US$ 6 billion) at its peak in 1994 to drop to below 3% during the last few years covered in this study. Natural gas is the only fossil fuel that has substantially increased its share of private investment from about 10% in the early 1990s to below 40% of the total private investment in generation in 2008.
The key results of the empirical analysis are summarized below:
 Increases in the price of oil (which is highly correlated to the price of other fossil fuels) increase the likelihood of investment in renewables and decrease the one of investment in fossil fuels. The likelihood of a reduction of investment in fossil fuel subsidies is larger than the one of an increase of investment in renewables, so that the overall impact of the increase in the price of oil on the likelihood of investment in electricity generation is negative.
 The introduction of the Kyoto protocol in combination to higher fossil fuel prices enhances the probability to invest in renewables, enhancing overall PPP investment in generation.
 Short run financial crises do not affect either the decision to enter the generation market or the level of investment in generation. This proves the resilience of investment to such shocks.
 Sectoral governance support schemes, provided by feed-in tariffs, affect only the entry in renewable based electricity generation. Their link is much less significant when it comes to enhance the amount of investment in renewables and becomes insignificant in driving the amount of investment in fossil fuel based generation down. The result implies that investment in renewable based generation are crucially dependent on the existence of support mechanisms, though their incentive power has not be so strong as to affect the volume of investment, nor to reduce the investment in fossil fuels and drive any significant switching from fossil fuels to renewables.
 Economy-wide governance factors, including control for corruption and degree of political competition are factored in by private investors only in the initial stage of the game when the decision to enter into the generation market is taken. This suggests that the first generations of IPPs have been developed on the basis of long term PPAs guaranteeing a fixed rate of return, through take-or-pay clauses and/or government guarantees. This has been the results of challenges in reforms and the adoption of sub-optimal sequencing of reforms. For example, postponing tariff adjustments and delaying unbundling effort separation of transmission from generation reduced the creditworthiness of power purchasers, leading to demands from the private investors for very favorable and long-term PPAs. In this case, other governance indicators may play a less relevant role in determining the extent of investment.
 Private investors entering the market looks more at the size of the market rather than the income level, whereas when determining the level of investment in generation they assess both the size and "affordability" level of consumers.
